SUMMARY Recent reports have described marked improvement of visual acuity in amblyopic eyes of young children following monocular exposure to square-wave gratings presented at a variety of spatial frequencies and orientations for as little as 7 minutes. We sought to confirm and expand on these investigations, with emphasis on single-session results. Sixteen juvenile and 11 adult amblyopes and 26 control subjects were used. Visual acuity was determined before and after a 7-minute stimulation period using an E-chart that controlled for contour interaction. The 50% visual acuity threshold corrected for guessing was computer calculated by probit analysis. Results show that frequency, range, and magnitude of changes (either increases or decreases) in visual acuity following stimulation were approximately the same ( < 10 % Snell-Sterling) in both amblyopic and control groups. These findings suggest that brief exposure to the grating patterns had little if any beneficial effect on visual acuity in amblyopic eyes.
The normal visual environment consists of objects of various orientations, contrast levels, and spatial frequencies. The cytoarchitecture and neuronal circuitry of the visual cortex, at least in cats and monkeys, are designed to analyse such sensory information,1-5 and similar mechanisms are believed to underlie human form vision. [6] [7] [8] [9] Amblyopia, affecting approximately 2% of the general school age population,10 is a condition in which visual acuity is reduced in the absence of ocular or neurological disease, structural abnormalities of the eye or visual pathways, and uncorrected refractive error. If, as is commonly believed, amblyopia is a disorder primarily affecting the visual cortex, then perhaps pools of cortical neurons could be activated (or 'reactivated' or 'exercised') by receiving optimal visual stimulation, and this in turn might result in improved vision function in the amblyopic eye. Treatment for amblyopia using such a rationale, that is, gratings of a wide variety of spatial frequencies and orientations, has recently been proposed," and preliminary positive results with only very brief periods of monocular treatment have been reported in young amblyopes. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] We sought to confirm and expand upon these Correspondence to Professor K. J. Ciuffreda Visual acuity, with refractive error corrected and the nontested eye fully patched, was first measured in the dominant eye of most patients and then in the amblyopic eye before and after a single 7-minute session. Visual acuity was assessed by having the patient either specify verbally or indicate with a large hand-held E the orientation of the 8 Es on each test card (75 ft-candles (800 lux) illumination) located 10 ft (3 m) away26 (Fig. 1 ). With this test target configuration, contour interaction effects were maintained constant,26-28 thus reducing variability of visual acuity measures in amblyopic eyes, as may be particularly prominent when conventional Snellen whole-chart or whole-line acuity is measured.29 Test letter sizes ranged from 20/277 to 20/9, but not all test letter sizes were required to obtain an acuity measure; test time per trial was 10-20 minutes. Per centage correct at each letter size, from the largest letter size to the smallest, was plotted to obtain an initial estimate of results ( 2). Then visual acuity, both Snellen and SnellSterling,30 was determined by probit analysis3l via a minicomputer.
Juvenile and adult amblyopes, as well as several controls, were used in our study (see Table 1 ). The first control group consisted of normal adults receiving no stimulation between 2 consecutive determinations of visual acuity separated by 7 minutes. Results here provided information on normal variability of acuity measures in adults by our method without influence of grating stimulation and concentrated fixation. The second control group consisted of normal adults receiving grating stimulation between 2 consecutive determinations of visual acuity separated by 7 minutes. Results here provided information on influence of grating stimulation, if any, in eyes of normal adults. A third control group consisted of normal children receiving no grating stimulation between 2 consecutive determinations of visual acuity separated by 7 minutes. Results here provided information on normal variability of acuity measures in children by our method without influence of grating stimulation and concentrated fixation. The fourth control group consisted of normal children receiving grating stimulation between 2 consecutive determinations of visual acuity separated by 7 minutes. Results here provided information on influence of grating stimulation, if any, in eyes of normal children. A fifth control group consisted of nonamblyopic children with a diagnosis of learning disability and associated hyperactivity receiving grating stimulaiu_ m EDE 
Results
Results are presented in Table 1 . In general the use of the gratings had little if any effect on improving distance visual acuity in amblyopic eyes. Changes of visual acuity (either increases or decreases) with respect to magnitude, direction, and frequency were approximately the same in the amblyopic and control groups (< ±10% Snell-Sterling) . In fact it is doubtful whether most of the computed visual acuity changes following brief grating stimulation could have been detected by conventional clinical procedures, that is, without use of a computer and with the use of whole-chart or whole-line Snellen measures, as they were generally so slight.
Discussion
We were unable to confirm the positive findings of Campbell and colleagues.'1 '5 We believe that at least 3 factors are responsible for differences in results. The first and perhaps most important factor is method of measuring visual acuity. Campbell and colleagues employed Snellen, linear Sheridan Gardiner, and single Sheridan optotypes, and thus were not consistent in the use of a single procedure to obtain visual acuity in all patients. Further, with their method they did not control for contour interaction effects,26-28 a critical factor for accurate and repeatable determination of visual acuity in amblyopic eyes. We were consistent in our method25 of determining visual acuity, which controlled for contour interaction by maintaining interletter separation with a fixed proportion of letter size. The second factor is the use of controls. Although
Lack ofpositive results of a physiologically based treatment of amblyopia Campbell and colleagues suggested that control studies should be conducted before widespread use of this technique is adopted," and further stated that grey-field stimulation produced only slight improvement of visual acuity in some amblyopic patients,'4 they did not provide quantitative findings for their controls. We provided quantitative findings in our controls and found that changes of visual acuity in controls were similar to those for our 'treated' amblyopic group, suggesting lack of a positive effect of the gratings on improving visual acuity in the amblyopic eyes of our patients. Changes of visual acuity noted in our control groups (<±I10% Snell-Sterling) could be attributed to normal variability of visual acuity. Further, small improvements of acuity could be attributed in part to practice effects, well known to vision care practitioners and reported in the literature. [32] [33] [34] [35] We believe that similar arguments apply to our experimental group. If we had obtained positive results in our amblyopes, an increased number of experimental and control subjects and additional control groups would have been essential on our part to factor out effects of short-term fixation training, short-term occlusion effects, practice effects, and/or normal variability of visual acuity from effects directly related to grating stimulation alone. While our sample size was not large, we believe that careful measures on a group of this size are preferable to testing a large group in the absence of appropriate controls and measurement techniques. Further, the consistent results we obtained do not demand that sample size be increased to provide a convincing argument.
The third factor is a history of previous occlusion therapy. In Campbell and colleagues' group 75% of the subjects had past history of partially successful occlusion therapy, while in our group only 33% did. One could speculate that patients having had some previous success with occlusion therapy might respond more favourably and rapidly to short-term occlusion during which motor activity is encouraged than those never having had such occlusion experience. Further, that favourable results in young amblyopes may follow brief periods of daily occlusion has been reported.36 However, none of our amblyopes with history of occlusion therapy had significant gains in acuity after stimulation, though gains were the rule.
Other aspects related to the experimental methods deserve comment. We had patients view gratings without the addition of eye-hand sensory-motor feedback, as this was the procedure originally described." This 'passive' procedure allows one to test those authors' original hypothesis on 'exercising' or 'activating' cortical neurons by viewing gratings at a variety of spatial frequencies and all orientations in the purest form, that is, free from other factors such as eye-hand interactions, presence of hand and crayon in the visual field blocking the grating stimulus, presence of printed letters and game form in the field providing additional stimulus patterns, and the tendency of young children to move close to the grating during active visual tasks and thus change fixation distance and effective stimulus spatial frequency, since the 'game' surface was on top of the grating stimulus. All these became additional factors that one must consider potentially important during the stimulating period and which make results difficult to interpret when adequate controls are not provided. Further, we had individuals view the gratings at a carefully monitored and fixed distance perpendicular to the stimulating surface; in contrast, they had 2 patients playing games while viewing the grating, at least some of the time, at an oblique angle, thereby changing its effective size, shape, and spatial frequency.
Our negative results do not stand alone. Recent papers have reported similar results.'738 With few exceptions an informal survey conducted by the first author of several clinical researchers testing the grating treatment also provided negative results. Lastly, lack of sustained effect of the treatment on visual acuity with concurrent lack of effect on the visually evoked response in 1 young amblyope has recently been reported. 39 In conclusion, under our test conditions the grating treatment appeared to have little effect on distance visual acuity in the amblyopic eyes of our juvenile as well as adult patients. We believe that conventional orthoptics procedures for the treatment of amblyopia, such as partial or total occlusion, training in monocular and binocular skills, and eye-hand co-ordination activities guided by the amblyopic eye, should not be discarded or minimised in the treatment of amblyopia until new techniques tested in amblyopes with proper controls and resulting in high success rates, independently confirmed by other laboratories, are available.
